The value of data in supporting citizen participation in processes of place-making and community building is widely recognised. While the open data movement now permits citizens to acquire governmental data relating to their communities, little to no effort is made to ensure that these datasets are accessible and interpretable by non-professionals. Through a series of community engagements spanning an 18-month period, we codesigned Data:In Place, an open source web tool which supports citizens in accessing, interpreting and making sense of open data. Leveraging visual map-based querying, citizens can access official statistics about their community, interrogate the data, and map their own data sources to create data visualisations. Reflecting on the participatory design process and the designed technology, we provide a framing to make open data work for civic advocacy.
INTRODUCTION
From life-logging to smart city management, data is at the centre of our worlds, communities, and research. It is estimated that we create 2.5 quintillion bytes of data daily 1 , which means that 90 percent of the data in the world today has been generated in the last two years alone, and with emergent ubiquitous technologies, the data growth rate will likely accelerate even more. With any interaction, whether between environments and people; or people and people -both physical and digital -data is always being generated. But while the technology to generate and store such vast quantities of data is ubiquitous, what remains a significant challenge is how to use that data for the common good. For many years now, private sector industries have been mining big data from different sources in order to understand product demand, forecast business trends, and identify potential business risks. In the public sector too there is a growing emphasis on data-driven, evidence-based policymaking. Different government initiatives are emerging to bring together teams of people to address the challenges of society with data science. For example, institutions like Data Science Campus 2 in the UK try to find new data sources and ways of providing early statistical indicators, rather than relying on surveys and traditional polling of citizens. The development of the open data movement has begun to overcome the first obstacle to using data for the common good, namely enabling people other than those who generated it to access and use it. But presently, the effective use of big data requires the professional skills of the data scientist. These include skills of being able to access, interpret, and make sense of data in ways that make it valuable, actionable information for others [22] and consequently data science skills are in high demand 3 .
Within HCI and CSCW research, the rush to big data has surfaced a number of unanswered questions. Where do citizens fit in this data saturated world? Is there a role for them beyond that of simply being the source of data feeding 'Smart' decision algorithms? How do and how could citizens use big data for their own civic and community purposes. Is there a role for 'citizen science' and citizen-generated data in smart city management? How could big data be made accessible and usable by citizens? How could big data be used to inform civic decision-making at the level of local communities and local area planning? And how could all of this be done without the need of a professional data analyst to act as intermediary? Ubiquitous technologies are enabling more HCI and CSCW research to be conducted outside the labs with a variety of communities in different contexts [8, 23, 34, 41, 49] . Often, researchers design tools and platforms for data collection, exploration and use, which enable institutions and people to engage with datasets around complex socio-technological issues. There are a variety of data-driven technologies being applied in different civic contexts, from smart cities [32] , personal data management [39] , community data hubs [14] , deliberative democracy [30] , and citizen science [5, 20] . Many of these systems are designed to elicit participation and collaboration, and provide a common data resource [1, 4] for institutions and communities to use and repurpose. However, this can create an unbalanced relationship between professionals using the data to make decisions on behalf of citizens [47] , while citizens lack the skills, knowledge and appropriate tools to use the same data in civic advocacy. Furthermore, this gives rise to significant tensions relating to the multiple ways in which these datasets are made legible and interpreted.
In designing platforms to support communities and institutions working together with data, there are significant challenges and questions relating to how data may be relevant and for whom, and how to translate and represent it in ways that make it accessible and effective in supporting civic action. There are also challenges and questions as to how different datasets might be combined to better support the communication, collaborative interpretation and use of complex data sets that straddle boundaries between data that is private, shared, or public. A crucial role for the professional data analyst is to understand complex community contexts so that they can identify useful data and help communities make sense of data in ways that is relevant and actionable within their context. In HCI and CSCW, researchers have stressed the importance of providing additional contexts to support the process of making sense of data [6, 17] . For example contextualising data in interpersonal 'worlds' by focusing on the nuances and implications of understanding data as bound to places and communities [34, 44] . A key challenge in this regard is to find ways to support individuals and communities in finding data that is relevant to the issues and concerns that are intimately tied to the community's construction of place -the locales, neighbourhoods and regions in which they live and in which their values and futures are invested. The challenge then is understanding what is involved in supporting citizens in making data relevant to place to enable effective action in relation to place-based issues and concerns.
Given this agenda, there is a clear need to work with local communities to co-design more inclusive processes and digital tools that would not only enable the community to access open data but also help to democratise the practice of data science itself. To that, we posit that such practices and digital tools need to be framed by the following principles:
(1) Place can be used as a way to make open data relevant to communities. (2) Communities need to be able to make sense of and challenge open data in relation to their own experiences and their own data. (3) Local knowledge can be used to enrich and promote collaborative exploration and evidencing of issues for civic action.
In this paper, we describe the 18-month iterative co-design and development of Data:In Place, an open-source platform to support inclusive processes of accessing and making sense of open data for the purpose of civic advocacy. Throughout this co-design process with local communities and charity organisations we positioned ourselves as data scientists, collaborating in and supporting their community research with our technical expertise. This served as a means to understand what the communities' data needs were and what sort of platform would be of value to them. As we uncovered new barriers and challenges to the engagement of non-professionals with data science, we co-designed and developed new features and functionality for the platform to support their access and use of these techniques (see Section 4). We designed the system through in-depth collaboration in two community contexts: (1) a neighbourhood-planning group relying on open data to inform the process of policymaking, (2) charity organisations reliant upon data to focus their work based on the needs of the community, and to illustrate their impact to extend their funding.
OPEN DATA FOR CIVIC ADVOCACY

Finding Open Data
Increasingly, data is gathered from places and about the people living and working in them. This is done with an aim to inform polices, to help optimise resources and to improve the lives of citizens [11, 31] . However, when these datasets are made open they can potentially be used for novel forms of participation, democracy, and social interactions [11, 28] . Having government and private sector releasing data creates potential opportunities for data-driven civic participation [45] . Making data open not only has the potential to promote transparency and openness, it may also serve to shift the power relationships between ordinary people and decision-makers away from transactional models of information services to more relational ones [36, 40] .
With the growing popularity of the open data movement [2] , crowd sourced data [33] and commercial companies sharing their datasets 4, 5, 6 , UK government institutions (and multiple other countries) are also releasing statistics from official sources as open governmental data (OGD) under Open Government Licence 7 in order to invite communities and a wider field of players to re-use the data and provide solutions and services [29] . An example of this is CivTech 8 , the Scottish Government's initiative to drive public sector innovation with the help of private sector and citizens. There are already multiple systems in place from different central governmental departments to provide the public access to these raw datasets of official statistics 9, 10, 11, 12, 13, 14 , as well as initiatives from local governments to release locally collected data 15, 16, 17 . This led to new digital tools (both free and commercial) being created to aid community groups to make use of that data (see Section 2.4). One example is MapIt 18 -a tool that displays constituency, parish and local council area for an inputted postcode. However, there has been critique that the 'measure of openness' for governmental institutions is how many datasets and repositories they have online [15] and that there are more nuances to the effective re-use of open data than simply the ability to access the raw data files. Making data available is not the same as making it usable for everybody. Furthermore, there is often a distinction between those who collect the data, those who need to use it and for what purpose, and those who can access it. When citizens do not have the skills to access or make sense of data and to use it for effective action, it is difficult to claim it is 'open data' [1] . Many of the existing solutions and tools, despite aiming to make open data more accessible to communities, often link to static datasets, are not freely available or lack the functionality necessary to help citizens understand and find value in the data.
Working with Open Data
In addition to the issues around access and limitations with existing tools, there are a number of other barriers to the 'effective use' [24] of data within communities: resources, digital literacy, competencies, trust and ownership. Gurstein [24] points out that we should not confuse access with use of open data. As described in the previous chapter there has been a lot of effort to make data available for whoever is interested in it, but little has been done towards making data accessible and usable for non-professionals, especially those who are deprived and marginalised. Gurstein is critical of Tim Berners-Lee's take that open data empowers 'everyone', because the fact is that it only empowers the ones that have access to the resources to and knowledge to make use of it. He suggests that we should adopt the concept of 'effective use' to distinguish access from accessibility and use. In this case we should distinguish 'open data' from 'accessible data'. The former refers to the classical definition of open governmental data 19 whereas the latter is the one that would truly make open data open and accessible, because simply having access to these different raw datasets does not mean better civic engagement and participation from citizens [15] . In his article, Gurstein puts forward a seven-layer model to address the 'data divide' [24] . Layers include: (1) internet, (2) computers and software, (3) computer/software skills, (4) content and formatting, (5) interpretation/sensemaking, (6) advocacy, (7) governance. Whilst Gurstein's model adequately captures the challenges of addressing 'data divide', Hakken [25] also argues that these barriers cannot be overcome by technology alone; human actors play a vital role. Information and knowledge does not magically appear from data, it needs to be constructed by humans, not computers. Furthermore, expert systems of data and information retrieval do not deal adequately with the social and cultural dynamics at the centre of the knowledge networking [25] .
The idea of 'democratising data science' has emerged from research which calls for new tools and approaches that leverage data science for social good [9, 10] . Choi and Tausczik [9] investigated collaborations around these kinds of open data projects and found that they are small in scale and mainly involving civic hackers and data journalists [38] . These projects aim to address problems for the social good, however it is clear that more could be done to include the community to contribute to this knowledge creation. Although there have been efforts to link together data experts with non-profit organisations to aid them achieving their goals [18] , this is likely to produce a reliance on experts to provide constant support. Also, the exclusion of actual problem owners (i.e., the people on the ground) from these processes is worrisome. It can mean that experts and scientists decide of which problems to tackle and how to interpret the data. More should be done by creators of technologies for working with data to reach groups with low or non-existent data science capacity [10] .
Taylor et al. [44] posit that data should be understood as intrinsically linked to sense of 'place' -arguing that data should be kept in the context it was collected and questioned to produce better understanding and use of it. Nevertheless, with open data, it is already collected and taken away from those places by outside players and the people living there did not have any say about how the data has chosen, collected and interpreted. These datasets often lack a representation of place that is essential to contextualise and situate them with community and the activities they engage in, the concerns and issues they face, and the situations they want to change. Only when these things are better understood can we turn our attention to understanding how people reconstruct new meaning and knowledge from these already engineered datasets. Work in this area has reported on 'sensemaking' with personal informatics [39] and with domestic data in the workplace [12] . In both studies, people created meaning from the data through 'comparison' and linking it to 'real life experiences'. Despite this work showing promise for better engagement with data and an understanding of what data is and what it means, none of this work has confronted the problems of 'effective use' (e.g., civic action).
Integrating Open Data with Citizen-generated Data
Data about citizens and communities is collected and used by institutions for specific purposes. Releasing such data as open data is a useful by-product of those processes, and one which can potentially make the processes and purposes more transparent. However, for citizens to be able to challenge that data or those processes, they have to be able to talk back to the data either with comments or opinions, or with data of their own. In theory, the availability of open-source software and hardware tools 20 enables people to take democratic matters into their own hands [1, 3, 4] . However, despite available tools showing promise for better engagement, very few opportunities exist for less privileged communities to collect their own data and have an impact on decisions that affect their lives, and those of their families and neighbours [13] . Moreover, it is often difficult to identify what data is relevant, worth collecting for the community or even possible to quantify. We can apply the idea that, "not everything that can be counted counts, and not everything that counts can be counted" [7] when taking on data-driven decision-making.
There are several opportunities for open data to have an impact on the lives of citizens, and even empower them, but this requires citizens with skills, literacy and tools to access, interpret and contribute their own data to existing datasets. Part of the potential is around establishing a more holistic picture of the community [46] . Making data accessible and relevant for people also has the 143:6 A. Puussaar et al. 
Existing Open Data Platforms
The popularity of open data and the availability of different data sources has stimulated the development of a variety of platforms to make use of these datasets. We will go through some of the most popular free and commercial tools used by communities and non-professionals (based on our engagements with different communities) to make use of open data. We deliberately excluded official platforms like UK Police Crime Map 21 , Public Health England's Fingertips Tool 22 and open data demonstrators like the Indexes of Multiple Deprivation (IMD) Explorer 23 , because they are meant to help people interact with a specific dataset, illustrating the mean of production of that data. Instead, we focus our discussion on tools intended for exploration of multiple datasets. We broadly assessed the existing open data platforms based on the following criteria (see Table 1 ): their ease of access to work with the data; the support provided for contextualising the data with communities or issues; the expandability of the available data for working with, and openness of the tools concerning paywalls and collaboration.
The major drawback of the existing platforms is their lack of expandability to support the incorporation of new datasets. The de facto standard is to provide a fixed and curated set of open data, meaning that new data captured within communities would not easily be contextualised with the national statistics and datasets. One platform, Local Insight, that did allow users to upload their own datasets, had specific requirements on the formatting of the data and that data was only available to the organisation that uploaded it -making collaboration with others in the community challenging. Moreover, as this platform is intended for commercial use, carrying large subscription fees, it excludes marginalised communities. In addition to limiting the availability of datasets for working with, the existing platforms are restrictive in the forms of access to data interrogation and query manipulation, opting instead to provide sets of predefined PDF reports. Though informative and well presented, the reports are merely a curated representation of the statistics as seen by the organisation that published them, with no support to inspect or contest the contents. For a community to take action on matters that affect them, they need tools that support accessing, interpreting and making sense of open data. While the existing platforms can provide support for these tasks, they fall short of supporting non-professionals through the entire process.
3 CO-DESIGNING FOR ACCESSIBLE DATA According to existing literature and studies, it is evident that there is great potential in using data as a tool for civic advocacy. However, there are still barriers and a lack of available digital tools to access data and make it meaningful and useful for people. Before we can jump into civic advocacy and action, we to need take a couple of steps back and address the issues around access, interpretation and sensemaking. We were interested in investigating these challenges in more depth and sought out people and groups who could benefit from having easier access to data, and the ability to use it in their endeavours. We took up a participatory action design approach [51] to identify the needs and uses for data within communities and built a system that would respond to these needs, taking account of the local practices and cultures. The process of building the system was not a one-off: design → develop → deploy. The system evolved through an iterative process, with different stakeholders and potential users of the system over a period of one and a half years. We co-designed the system through two-to-three week design cycles, during which, we added features and functionality to the system, based on the input and participation of our co-designers from the community organisations with which we collaborated. We present findings from the research team's field-notes and observations at community meetings, focus groups, interviews and feedback sessions with different stakeholders -two local government workers (LG), six charity workers (CW) and eight community volunteers (CV) from a range of roles. We transcribed and analysed the interviews, focus groups and feedback sessions to guide the ongoing design of the platform.
In the following sections we describe the chronological and in-depth process we went through to inform the final design of Data:In Place, an open-source place-based data exploration system. The online platform brings together data from official governmental sources with data generated by communities and citizens, and links it together around 'place'. The design aims to help nonprofessionals access, interpret and make sense of data for potential uses in local decision-making and civic advocacy.
Study Context
In December 2016, we started working with a group of residents who were interested in starting a Neighbourhood Plan for their local area. A Neighbourhood Plan [16] is one of the processes put in place by the Localism Act (2011) in the UK, which devolves power away from central and local government directly to citizens. The local policy process enables communities to write their own statutory planning policy which will be added as a part of the local planning policy [16, 21, 42] . As part of the local planning process, the group identified the need for data to provide evidence to inform the creation of their local planning policy. During this time, we also started collaborating with a local charity organisation who focus on the health and wellbeing of young people by providing opportunities for physical activity, training, coaching and education. The charity was interested in using insights from data to focus their interventions in areas of the city that could be supported by the external funding sources they acquired, as well as providing other evidence of the impact of their interventions, again related to future funding applications and renewals.
Accessing Data
Both groups approached us with a request to support them in accessing open datasets to support their work. The neighbourhood-planning group -which was made up of various people from community voluntary and charity sector organisations and local residents -had collated some data on the defined neighbourhood plan area from the local government website in the form of 'ward profiles' (i.e. political boundary). This was a document with collated statistics from various governmental departments (e.g., age, population, employment) represented in tables and graphs. The charity organisation had their own administrative data, which included some basic demographic information on the clients of their services, and some Census data for the City. Before people could start to think about what kind of data they would need to evidence their issues they needed to get an idea of what was out there already. To get an idea of what sort of data they would need, we started attending community meetings where neighbourhood plan priorities were discussed. During community meetings, residents and people working in the area marked down the priority list of local issues or important areas they wanted to focus on. These were categorised under themes: issues around housing, anti-social behaviour, local environment concerns, open spaces and play areas. The concerns and proposals were local for these people and things that they thought must be prioritised. We then took this list and sought out all the official data published by the government and other institutions that relate to it. For example, anti-social behaviour was evidenced from local police data and for housing we found data about housing ownership from the Office of National Statistics. Although, this data was already in the 'ward profile' it could not be interrogated at the neighbourhood level. These datasets consisted of different types of data -static documents and reports, machine readable files, links to application programming interfaces (APIs) etc. We then presented all these datasets at the next community meeting. Although people were excited by the idea of getting their hands on the data which governmental structures use to make decisions in the area, they found it hard to grasp exactly which areas and what statistics they represent. This meant that people were relying on the research team to access, make sense of and interpret these datasets. Furthermore, people started asking additional questions about the data, which meant that we would have to go back and get all the data sources again with new query parameters. The questions this exercise raised necessitated re-interrogation of the original datasets with new query parameters. This illustrated the issues with static datasets and the difficulties of data access for non-professionals. This led us to build the first functionality of Data:In Place to bring all of this open data from different governmental departments together into one place (see Section 4.2).
Adding Relevant Data
Aggregating all of the datasets requested by the community into a single system that they could access was not enough, as much of the data lacked relevance to their specific local community. The forms that data is captured, stored and presented in by institutional structures does not resonate with people. They do not see places as numerical codes in a dataset; they associate them with what they see when they are going about their everyday lives. When we presented one of the charity workers (CW2) involved in the planning group with the data they had requested, they were concerned with the lack of context: "Should be street names or post codes for people to understand where the data is coming from. "
To make this data relevant to people we needed to start with things that are familiar to them. Local government worker LG1 points out the different ways neighbourhoods are constructed:
"Everybody defines their neighbourhood slightly differently, from a council perspective, we're often looking at lower super output areas, we know that's not a, we know people don't have defined neighbourhoods necessarily, some people would define their neighbourhood literally as a few houses, others as a few streets, others as more of an estate, um type area. But it's information or stuff that you can kind of drill down to at a very local level, and things which are important to people at a very local level. "
Based on these ideas we re-designed the platform to enable the starting point for exploring these datasets to be place. We used geographic reference points to automatically link together datasets for people to start exploring in relation to the places they live and/or work (see Section 4.1). The simple design principle of these features was to improve accessibility of open governmental data for communities and put it into context with the issues that were important and relevant to them. We now had not only brought relevant datasets from different sources together, we also had bounded it into place. We added further available datasets in the system as a direct response to the interest of groups we were working with. However, every time we ran a session with a group, they identified new datasets of interest. There was a plethora of data available that we could add to the platform, but it was not valuable to add all of them. As such, we started by asking people what they did, and did not deem useful in terms of what they could relate to the issues they were trying to evidence or tackle. Again, this resulted in a flurry of requests from our collaborators meaning we were spending a lot of time going back to them with different datasets. We did not want our groups to have to rely on our availability in order to access data, nor did we have the capacity to provide them with data in a timely manner. Instead, we added a 'request data' feature that enabled people to express a desire or add an idea of what kind of data they required (see Section 4.3).
Additional Administrative Data
The functionality of adding new open datasets to the platform quickly prompted groups to request that their own organisational data be added to the system. They were keen to compare their own data and interpretations against the open datasets they had access to through the system. For the charity organisations operating in the area it provided a way to evidence the work. CW3, for example, explained that it would help shape their group's service provision, ensuring they were using their public funding to deliver the services where they were needed most: "Our own data is really important, but also the publicly available data we are looking at here is really useful for us for shaping where we want to go and where we want to work. So, for example [...] we would like to be able to do is map out where those participants of ANON program are coming from. And map that onto like Indexes of Multiple Deprivation. So, that we can see that we are actually in there ... if we say we are working with the most deprived communities, can we prove it?" They also discussed how this would help ensure the ongoing funding support for the charity by creating evidence of their intervention work: "So, it's all sort of very well for the founders, we can say the right things, but for ourselves and our growth and being able to really demonstrate publicly this sort of tool would be really useful for us to be able to say "look these are the areas in the ANON which we cover" and we are covering all these more deprived areas. "
For the neighbourhood planning group it enabled them to contest some of the official data by adding some of their own data, which they collected themselves from the community. For example, they were interested in seeing how people's opinions about where they lived and their feelings of wellbeing mapped against official statistics for crime and employment. We received multiple requests from people wanting to add their data into the system and often the data was sent to us in different formats. We implemented the ability for people to upload their data to the system, and have it mapped alongside the official data (see Section 4.4). The ability to easily map and compare their own data with official statistics really brought meaning to the official datasets by putting it into the context that people were in.
Adding New Data
By this point in the co-design process, the system had added functionality that enabled access to open datasets, and for people to see these data in the context of their community, and to compare and contrast other open datasets with their own administrative data. Issues started arising around what these datasets represent. People were worried that what they were seeing did not reflect the actual issues and concerns of the neighbourhood. They felt they could not find the answers to the community's questions from the data. As such, there was a need to 'create new data' that was closer to providing a more accurate picture of their experiences of the community. CW4 made us aware of this in terms of the negative and restrictive perception associated with the data: "[...]"they're at the lowest 10% of blah dee blah" and this, that and the other and "they're such a deprived community" and I think it might be actually quite nice to present some positive data to them, you know. I don't know if there is any, but maybe there is. " We wanted to incorporate into the platform the ability for residents to capture and upload locally relevant data. CW3 reflects a resistance against a version of the community that was reduced to numbers: "I mean I think a lot of people would think of data and think of it purely as numeric but I think of data as being any kind of information that you've gathered to understand a situation. " For this, we envisioned photographs, sensor data from citizen science kits, online comments and viewpoints and voiced concerns of citizens. This posed a challenge of how to get people's voiced concerns into the platform. We started off by recording people's opinions about places and concerns in community workshops specifically designed to capture opinions about place, that we could pin-point to locations as short audio recordings on the map within the system (see Section 4.5).
Throughout the co-design process, we developed our system in response to our collaborators' requests and questions. As each new feature was added, it was interesting to see how our collaborators' relationship with the data changed. They became first more curious about what they could access, then experimental as they asked for an increasing amount of data to compare. Later in the process, they wanted more control and personalisation of data representation, and finally moved toward a level of criticality toward data. In the following section, we outline how this process informed the design of our system.
DATA:IN PLACE PLATFORM
In the following sections, we will describe the capabilities and features of Data:In Place that we developed as a response to the engagement with the stakeholders in more detail. The Data:In Place platform leverages the capabilities of the visualisation framework RAWGraphs [35] , which comprises: (1) load your data, (2) choose a chart, (3) choose your dimensions, (4) customise your visualisation and (5) download. We will discuss in depth the added feature extensions we built to extend the capabilities to make it more usable in the context of open data and civic advocacy, as informed by our design principles and co-design process with the people. Based on the literature and the experience of working with the communities and the issues we countered around accessing and making sense of open datasets we ended up implementing the following features: (1) visual map based query system for the datasets, (2) automatic linking to different governmental APIs in one place, (3) ability to add or request interesting datasets to be added to the platform, (4) ability to add own datasets for mapping and comparison with the official sources, (5) merging of qualitative and quantitative data in order to create a link between public opinion data and socio-demographic characteristics from official statistics.
Map Based Queries
A person's first interaction with the system starts with defining a place they are interested inbounding the 'data-in-place' [44] . For this purpose, we implemented a map component to the system where people can explore and find the place they are interested in. It enables people to search for postcodes or just pan around the map to find places of interest (e.g., home, work or potential engagement area). After finding an area of interest it can be selected by drawing a boundary around it on a map. We implemented the map component by using open-source mapping framework Leaflet 24 RAWGraphs [35] was intended to be a front-end-only solution without any server-side logic, however we implemented a server side logic using NodeJS 28 and PostgreSQL 29 with PostGIS 30 to handle geographic queries. By zooming in and out of the map, the system switches between different administrative levels (i.e. output areas, wards, local authorities, counties, regions, countries). The polygons are updated and redrawn on the fly while zooming in and out on the map. Using the map component, people can define their query for open datasets by just exploring the areas and defining places (i.e. drawing boundaries) of interest.
Accessing Official Datasets
The existing functionality of RawGraphs [35] had three ways to "load your data" into the platform: copy and paste plain text from any source, upload a machine-readable file (CSV, TSV, XLSX, JSON) or request data from an API endpoint URL. In addition, it has a section for loading sample datasets 24 to demonstrate the capabilities of the visualising framework. We replaced the sample datasets sections with a list of official datasets (Figure 2a ) that people identified important (see Section 3.2). However, these datasets are not static, they are links to real-time API endpoint URLs which are compiled to retrieved data about the specific place defined with the map-based query (see previous section). This means that the platform is always up-to-date with the latest dataset. Zooming in and out of the map while a dataset is selected automatically redefines the query and retrieves a new set of data (Figure 2b ) specific to the place on the map. This makes the retrieval and comparison of statistics easier, but also displays the areas intersecting with the boundary representing contextual information (Figure 2c) . 
Adding Official Datasets
Similar to RAWGraphs' [35] ad-hoc visual models, whereby anyone can add their own visualisation templates to be used by the community, we wanted to enable people to add new official data models to the list. The functionality to add a simple dataset from a file and/or API endpoint URL already existed, however in order to make use of "map-based queries" it needed to include the correct parameters to pass in the URL. We ended up adding a simple form dialog to request data, so people could link to the desired dataset they wanted to include in the system (Figure 3 ). This was then saved to our database and we could make the link between the new source and map query and add it to the platform. This also enabled people to add requests for potential datasets they would like to see on the system without knowing the exact sources. This relates to our first decision of how we, as the researchers, chose which datasets should be in the system -they were related to the issues that people identified as important and wanted to investigate and evidence through the use of data.
Mapping Community Data
The added mapping component opened up new features for geographic manipulations and data to be mapped alongside official datasets. We extended RAWGraphs' data type parser to identify geographical data (e.g. longitude/latitude data, Geographic JavaScript Object Notation (GeoJSON), postcodes, Office for National Statistics (ONS) codes 31 ). Similar functionality can be found in current state of the art online mapping tools, such as Carto 32 . However, our system tries to automatically understand the data by looking at the headers and the content without any human intervention, mapping it on the go (Figure 4b,4c) . If the system has not successfully georeferenced the data, it has controls for people to do it manually. The system uses implemented algorithms in regular expression language 33 to identify and match patterns, and GeoJSON 34 parser to enable automatic georeferencing (Figure 4a ). 
Adding Citizen-Generated Data
Public opinion data in form of audio recordings from community workshops was added to the platform as another data source. The whole audio was time and geocoded, having a database entry for each coded opinion. This also meant it could be accessed similarly as other datasets using the map based query system and getting all the people's opinions in a specific place. Feeding this data into the system also bounds it within the governmental boundaries, creating a geographic link between public opinion data, and socio-demographic characteristics from official statistics. When choosing an opinion from the list (Figure 5b) , the system will automatically add the marker on a map and start playing the place-based recording ( Figure 5a ). As such, we can integrate the public opinion data into the system side by side with the other datasets. For example, exploring crime statistics while listening to people talk about issues around anti-social behaviour on a particular street or looking at the availability of developing land in an area, while listening people talk about the lack of play areas for children.
DISCUSSION
Through our exploration of the current state of open data platforms and co-designing the Data:In Place platform with the communities over an 18-month period, we brought to the surface a number of issues around using data in the context of civic advocacy and action. It quickly became evident that communities could see the value of data and its importance in civic action, however the barriers to accessing and understanding its relevance to local matters distanced them from using it effectively. This meant that people were often reliant on third-party professionals to lead in Our open platform and the ideas of linking different datasets together through a place-based interface aims towards promoting 'effective use' [24] and supporting non-professionals and community groups in accessing and making sense of data in ways which are relevant to their matters of concern. Instead of presenting people with a set of information, the system starts with defining a place and then linking data to it. This enables communities to decide which data is relevant, and at what granularity is needed to surface the issues they are exploring. In the following sections, we will discuss the values we embedded in the platform derived from the design principles and assess their realisation through the co-design process. This includes reflection on the key parts of the system and its utility and current limitations as a tool for civic advocacy.
Accessing Open Data
Although national statistics and other official datasets were seen as a valuable resource for neighbourhood planning, it was very difficult for people to access. Even at the level of query-based searches, national statistics relating to local neighbourhoods are often categorised using postcodes, area names and ward boundaries; a system that is quite unlike the ways in which communities reference their own neighbourhoods. To overcome this, we developed a map-style interface that allowed people to identify neighbourhoods in ways with which they were familiar and a place-based query system (see Section 4.1) that enabled people to obtain national statistics for the neighbourhoods and issues they were considering.
Relating back to the first design principle with regards to making data relevant through place, we learned that an important aspect of contextualising data is making it relevant to the particularities of place understood both as a geographical place (i.e., locale) and as a social place, characterised by a community's interests and issues. The problem with big data in relation to abstract plans and procedures is that it always underspecifies the particularities of place. Work or procedures have to be abstractions relevant to the particular circumstances of their uses [43, 44] . What we discovered is that data is no different. Particularly big data, government data etc., is no different -its abstract materiality means that its relevance to place and to local issues is not always apparent, but it is something that has to be constructed, worked and made visible in order to provide value in these contexts. Only then can people start constructing knowledge from these abstract datasets, which will then open up spaces for enquires. We experienced this when we integrated place-based queries to the system and people started exploring available datasets situated in their neighbourhoods. Immediately, new questions were raised, as well as requests for additional datasets to be linked to the system for exploration. We tried to address this with integrated "request forms" through which people could request new datasets that were not currently linked through Data:In Place. While this significantly increases the accessibility to new open datasets on the platform, there is a required technical input from the research team and thus limits the extent to which the platform can be totally community sustained. Such issues are challenging but not insurmountable. One way forward here is to collaborate with official data providers (e.g., national and local governmental structure) to automatically link and publish their data through Data:In Place. Alternatively, we could make the 'dataset linking' more modular, promoting the open-source community to contribute to the project and start linking available open datasets to Data:In Place's place-based query system. By following a tutorial, people could commit additional code snippets to extend the project hosted on open code repository. This is even closer to the ideas of RAWGraphs' [35] "custom charts", which enable people to add their own chart templates for data visualising.
Diversifying Participation
The second design principle was to enable communities to challenge open data through their own experiences, which was realised in the tool by linking people's opinions on a place with official statistics. This give a more complete picture of the neighbourhood -providing context to open data or a way to challenge official statistics, but also surfacing the real needs and aspirations of the community. The importance of these was pointed out by one of the local charity workers CW2: "I think there needs to be more of those conversations that sort of more they: "this is happening, this is how it's in the reality" in the just of things. And I like that, but I'm just thinking how we can make more of those conversations happen?" Furthermore, open data can be used to contextualize community data, and representing both in the same platforms opens up the possibility for communities to speak back to government. There is often a presumption around both big data and open data, that its use-value for communities is both self-evident and veridical. This presumption is given credence by virtue of the idea that the data is somehow 'raw'. In contrast, Gitelman [22] argues that term 'raw data' is self-contradictory, since data is never raw, rather she argues that data begins its life as an act of imagination in response to a need or a question. It is created in order to meet a need, and thus it is always framed with respect to a human purpose. The analogy she uses is that of creating a photograph, a human decision is always made as to where the camera is pointed and at what angle. Data, like a photograph, indeed like any representation, has to be created, and that means it has to be created by people in response to their purposes. The fact that local community sees themselves so differently to how the data collected by outsiders portrays them, affirms that there is no such thing as 'raw data'. One limitation of our tool is that citizen data was generated by working with the system in co-located workshop settings. However, open data platforms like ours should promote wider participation and inclusion of ideas and voices. There is potential here for enabling a much broader participation through the online nature of the platform, enabling those not present in workshops to participate.
The mapping tool could also provide charities a way to understanding the work that other organisations do, by sharing some of their organisational data. Local charity worker CW6 talking about his experiences of finding out what work others do in the community: "So, it seems that when we go into meetings, or when we meet with different organisations, people are doing very similar things or things that can help each other out quite a lot of the time and lot of the time a problem comes up as "uh I did not realise you are doing that", or "maybe we could help out along the same thing". So, as kind of providers of services it would be useful for us to know who is doing what, as well as the individuals who would be using those services as well. " This kind of inter-visibility is important because in the past it has led to friction and competition between the groups. Not only would it remove the competitive element, it could lead to collaboration: "[...] and if somebody feels threatened that you are kind of stepping on their toes then they can get maybe a little bit defensive about what they are doing. But if they would to understand fully what you were actually doing by using some kind of tool to gain that information and that can help put them at ease and then maybe help them feel a little bit more welcomed working alongside you as well. " (CW6)
Working alongside each other they could also use the tool to collaboratively make sense of this data, to make a stronger case for additional funding and ultimately providing better services to the whole community. Similar findings were obtained in a study by Erete et al. [18] on the use of open data by Non-Profit Organisations (NPOs), where they emphasised that 'effective technologies' should help NPOs to access, interpret and collaboratively make sense of data related to their goals and objectives. Their work described the collaboration between NPOs and external data experts, however using Data:In Place and making the data truly open and accessible, NPOs could be more active in defining the issues they want to explore and collaborating with other NPOs to achieve common goals. This bring us to the value of these different sense makings and whether making data accessible and linked together with place will help people make sense of it and use it.
Civic Advocacy and Action
The third design principle we embedded in the platform was to integrate local knowledge and data to enrich collaboration and promote civic action. In designing Data:In Place aimed to help citizens in their endeavour to effectively use data for gathering evidence to contest the decisions in their community. Coming back to Gurstein's seven layer model [24] for 'effective use', we can see that Data:In Place does well against the first five, however there are more things that need to happen for effective use in civic advocacy. Our somewhat naïve assumptions that we could co-create a tool that would have a direct route to civic action was quickly proven to be premature. Technology can only go so far to make data accessible, help people interpret, make sense and visualise it, however it takes social capital to transform this data into activities for local benefit [24] . These people can be individual citizens or community organisations who are willing to own the problems, work on them and organise others to help advocate for change. Through our co-designing process, and by seeing that there are others who are passionate about tackling the same issues and improving their communities, these community organisers started to emerge and step up. Work by Voorberg et al. [50] reports that one of the influencing factors of citizen involvement in policy-making and co-creating of public services is poor communication channels, but also the attitudes of people in power not wanting to include citizens they cannot control and rely on. However, working closely with citizens and people in councils, we learned that decision-makers were interested in what the citizens were telling them, they just lacked the suitable means of communication to facilitate dialog. Perhaps it is more about collaboration and working together with the decision-makers rather than against them, and using a system as a medium to get expertise, add new meaning and different types of data to get everyone's views to be represented.
Future Developments
In our workshops we had groups working together to collectively understand the situation by looking at different sources of data and coming up with shared understandings through a process of collaborative sensemaking [19] . Data:In Place is effective in enabling better access to data as a resource for this collaborative process of forming shared understandings. However, the act of collaborative sensemaking itself, and the cognitive and social dimensions of it are not themselves documented. Related work by Otjacques et al. [37] has started looked at documenting open data exploration processes (i.e., viewpoints) for future interrogation and use. They built an additional layer on top of visualisation software which enabled viewpoints and scenarios to be stored, shared and reloaded at the exact state of visualisations when valuable knowledge was discovered. This functionality is future work for Data:In Place, but in addition to recording viewpoints, we envision a collaborative narrative-based interaction or 'data stories' which allows constant addition, documentation and interrogation of data. This also means that the new sense makings of the data is not owned by the institutions that published the datasets, it is more objective and based on a strong consensus of the community [48] . One example of this type of approach to data collection is Open Street Map 35 . It is a volunteered geographic information system [26, 45] where people (professionals and non-professionals) volunteer to map the world. In addition to volunteered geographic information by the people, the map also consists of repurposed data published by governmental institutions. Although the data originates from different sources, the new meaning and purpose of it is being generated as a result of collaborative efforts. The tool could also be extended to include help and expertise from outside to understand and explore issues using data science. This means adding a new layer of communication between citizens and experts.
CONCLUSIONS
Through the process of investigating people's relationship with data and how it might help them collaboratively make 'effective use' of it to have a stronger voice over what happens to their community, we discovered a set of roles that data plays in these processes. With Data:In Place, we illustrated that open data -when accessed correctly, presented fairly, tied up to a place and contextualised -can be a great tool for helping people explore issues and understand their communities. Our aim was to democratise data science in the hopes that the communities -who are the subject of this data -can become more than just the ones with the issues, but also active contributors of knowledge for tackling them. The platform we present was co-designed in the context of (1) neighbourhood plan, gathering evidence to back up their claims and (2) local charities, understanding the communities they operate in and for, and the impact they are having. We believe there is scope for our platform to support similar collaboration and sensemaking in other contexts where decision-makers and citizen data-subjects are otherwise siloed. Contexts where inclusion of, and collaboration between citizens and decision-makers in processes of making sense of and interpreting data, could be the key to tackling the problems of society.
A AVAILABILITY Data:In Place is available at http://data-in.place.
